Abstract. Cyanobacteria in fresh water can cause serious threats to drinking water supplies. Managing cyanobacterial blooms particularly at small drinking water treatment plants is challenging. Because large amount of cyanobacteria may cause clogging in the treatment process and various cyanotoxins are hard to remove, while they may cause severe health problems. There is lack of instructions of what cyanobacteria/toxin amount should trigger what kind of actions for drinking water management except for Microcystins. This demands a Cyanobacteria Management Tool (CMT) to help regulators/operators to improve cyanobacteria/cyanotoxin monitoring in surface waters for drinking water supply. This project proposes a CMT tool, including selecting proper indicators for quick cyanobacteria monitoring and verifying quick analysis methods for cyanobacteria and cyanotoxin. This tool is suggested for raw water management regarding cyanobacteria monitoring in lakes, especially in boreal forest climate. In addition, it applies to regions that apply international WHO standards for water management. In Swedish context, drinking water producers which use raw water from lakes that experience cyanobacterial blooms, need to create a monitoring routine for cyanobacteria/cyanotoxin and to monitor beyond such as Anatoxins, Cylindrospermopsins and Saxitoxins. Using the proposed CMT tool will increase water safety at surface water treatment plants substantially by introducing three alerting points for actions. CMT design for each local condition should integrate adaptive monitoring program.
Introduction
Globally, the frequency and intensity of cyanobacterial blooms in fresh water are increasing due to eutrophication caused by climate change and anthropogenic activities (Paerl et al., 2011; Paerl, 2012; Taranu et al., 2015) . Consequently, the public health concern has grown since some cyanotoxins might cause severe and irreversible health effects (Chorus et al., 1999) . The major exposure routes for humans are recreational swimming and poorly treated drinking water (Chorus et al., 1999) .
Cyanobacteria can cause serious threats to drinking water supplies using surface water as source since cyanobacteria may cause clogging in the treatment process and cyanotoxins unlike other microbiological hazards, cannot be removed by boiling. In addition, a bloom can produce various cyanotoxins, which may respond differently to treatment (Zamyadi et al. 2013) . In Sweden, the cyanotoxin group Microcystins has been frequently detected in lakes (Larson et al. 2014) , other cyanotoxins such as Anatoxins, Cylindrospermopsins, and Nodularin have been identified in Swedish lakes by Willén, in 2010 and once again confirmed by Swedish Food Authority in 2016 (Pekar et al., 2016a) .
Ibelings, Backer and others in 2015 published a paper about current approaches to cyanotoxin risk assessment and risk management around the globe and compared risk assessment and management of toxic cyanobacteria in 17 countries across all five continents. Results showed that WHO Guideline Value (GV) is implemented in most of countries and some of them legally bind the standard to ensure the distribution of safe drinking water in terms of Microcystins (commonly expressed as Microcystin-LR equivalents) . Regulations, however, were pointed out to address a wider range of other cyanotoxins and bioactive compounds such as an example in New Zealand that has regulations for the largest range of toxins in drinking water: MCYST-LR eq., STXeq., ATX (a + a(s)), NOD, and Homoanatoxin-a. cyanotoxins through Provisional Maximum Acceptable Values (PMAVs) (Appendix 6, 2005) . In the European Union, national drinking-water legislation is abide by the Drinking Water Directive, which does not explicitly address cyanobacterial toxins. Operators or health authorities would turn to the provisional WHO GV to assess whether the concentration would be qualified as "hazardous".
An alternative approach was suggested that risk assessment and management in recreational waters is to regulate cyanobacterial presence as cell numbers or biomass rather than individual toxins (Ibelings et al., 2015) . Many countries have implemented a two or three tiers alert system with incremental severity. These systems define the levels where responses are switched from surveillance to alert and finally to action mode with shortterm actions to follow. These inspired this project to design a tool, which combines cyanobacterial presence and toxin levels for surveillance, followed by examining feasible detection methods and action points. Swedish lakes were used to develop Cyanobacteria Management Tool (CMT) and it could be considered for other countries that apply the same guidance or under boreal forest climate condition.
The Swedish Agency for Marine and Water Management (SwAM) is managing an environmental monitoring program for approximately 110 trend lakes in Sweden (2016) . The program includes characterization of water chemical parameters, benthic fauna and phytoplankton (Trend Lakes, 2016) . The trend lakes are of intermediate size with areas of 0.02-52.6 km 2 . They are selected with the purpose of tracing environmental changes amongst others such as climate change. The trend lakes are distributed in whole Sweden, but are not specifically used for drinking water supply (Fig. 1) . Swedish National Environmental Monitoring has been performed and improved for over 50 years (SLU 2016) and analysed by Fölster et al., (2014) , using adaptive monitoring theory (Lindenmayer, Likens, 2009 . In his analysis, he described how adaptive monitoring was implemented to focus on societally relevant questions related to eutrophication and acidification as well as national and European environmental policies. He also described both current national fresh water monitoring program and future challenges. It concluded that Swedish surface water monitoring demonstrated a welldesigned and financially supported system. It also facilitates understanding and managing a range of stressors and societal concerns. One example of adaptive monitoring was done in 2007, that the national freshwater program was heavily audited in order to better fulfil the demands set by the EU Water Framework Directive.
The adaptive monitoring program aims to create the value of long-time series to meet new societally driven questions and to adopt new knowledge and technique. Lindenmayer and Likens (2009) (Pekar et al., 2016b) .
Thus, both monitoring methods and practical guidance are calling for improvement. In order to improve the hazard analysis for the drinking water producers for cyanotoxins control, the data from the national environmental monitoring program was studied in detail. The proposed CMT tool includes selecting indicators for quick monitoring of cyanobacteria presence, verifying detection methods for cyanobacteria and cyanotoxin.
Material and Methods

Sampling
The sampling was within the Swedish National Environmental Monitoring Program. Standard methods for sampling of water chemistry and biological parameters in the Swedish national monitoring of surface water refer to the Swedish Agriculture Sciences (SLU, 2016). Phytoplankton was sampled yearly in August between 1995 and 2012 in 110 lakes across Sweden (Fig. 1) . The standard methods of analysing water chemical parameters, measurement uncertainty and measurement range are presented in details by SwAM (SwAM, 2007) . In this study, cyanobacteria biovolume, chlorophyll-a and phosphorus values in August from 1995-2012 were selected for analysis.
Cyanobacteria bio-volume as monitoring parameter
The WHO management system for drinking water suggests that a cyanobacterial biomass concentration at 0.2 mg/l should trigger the Alert level 1, which was derived by using the highest recorded concentration of Microcystin-LR identified in cyanobacterial cell cultures (Chorus, Bartram, 1999) . Finland has adapted this guidance for risk management and actions plan. DWTPs in Finland are guided to increase monitoring actions and preparedness when biomass exceeds 0.1 mg/l in incoming raw water. When the biomass exceeds 1 mg/l, other actions than monitoring need to be taken, such as to change the abstraction point or depth, to identify species of cyanobacteria and potential cyanotoxins, to execute risk assessment and to inform the municipal health protection authority (Chorus, 2005) . As Sweden and Finland have many similarities such as geographical locations, climate and lake types, 1 mm 3 /l was used (corresponding to 1 mg/l) in this study to evaluate the cyanobacterial situation in Swedish lakes. To relate Swedish monitoring data to WHO and Finnish guidelines, a ratio of biovolume to biomass as 1:1 was used, inferring that the density of the phytoplankton equals the density of water (Wetzel et al., 2000; Chorus, 2005; Pekar et al., 2016 b) .
TP (total phosphorus) as indicator for cyanobacterial bloom
Eutrophication is a process that occurs when unnatural increase of concentrations of nitrogen and phosphorus (fertilizers) pollutes the water and boosts the growth of plants. It drives production of cyanobacteria in lakes (Conley et al., 2009) . Based on data from more than 200 lakes in Alberta, Dr. Ellie E. Prepas' research team showed that the nutrient phosphorus largely controls phytoplankton productivity in freshwater prairie lakes (Prepas, 2016) . TP concentration has shown to be a better indicator for predicting and managing cyanobacterial blooms than N:P ratios (nitrogen/phosphorous ratios) (Carvalho et al., 2013) . Swedish national guidelines for classifying ecological status highlights that for most Swedish lakes, TP concentration exceeding 25 µg/l for a longer period renders an increasing risk for eutrophication (Swedish EPA, 2007) .
To ensure a low probability of a cyanobacterial bloom that would trigger WHO Alert Level 1, it recommends that TP concentration should not exceed 20 µg/L for longer period. A target TP concentration of maximum 20 µg/l entails a low probability for cyanobacterial bloom (Downing et al., 2011; Carvalho et al., 2013) . This value was examined for Swedish lakes in this paper.
Chlorophyll-a as indicator for cyanobacterial bloom
The chlorophyll-a is monitored as a proxy of risk assessment. Chlorophyll-a at a concentration of 1 µg/l in raw water triggers Alert Level in WHO management system for cyanobacterial blooms in the perspective of drinking water (Chorus et al., 1999) . This value, as a national guideline, has been implemented in the Czech Republic and in Turkey (Chorus, 2005) . Some studies have also shown that there was poor correlation between chlorophyll-a and biovolume of cyanobacteria. They rather recommended phycocyanin (any of a group of blue photosynthetic pigments present in cyanobacteria) as an early warning signal (Randolph et al., 2008 , Kasinak et al., 2014 .
AlgaeLabAnalyser for quick analysis at laboratory
AlgaeLabAnalyser (ALA) is a commercial product that determines simultaneously chlorophyll concentrations, transmission, and the photosynthetic activity of microalgae in a 25 ml glass cuvette. Colored LEDs excite the chlorophyll content in water and allocate it to different algal classes. This is more specific to focus on targeted species, besides the total amount of chlorophyll. Measurements include total chlorophyll-a, chlorophyll-a segment separate for green algae, cyanobacteria, diatoms and cryptophytes. The standard way of measuring chlorophyll was performed at the end of the project to adjust the values from the ALA-device. In addition, ALA results were verified to support the idea to use ALA as a quick analysis tool for cyanobacteria detection. A brief description of the standard procedure with ethanol extraction is given here. Chlorophyll-a absorbs at 665 nm and 750 nm were used. Specific absorption coefficient for chlorophyll-a in 96% ethanol is 83.4 lg/cm (Wintermanns, DeMots, 1965 ).
Calculation of chlorophyll-a:
, where: C -concentration of chlorophyll-a, µg/l; A665-A750 -absorbance at 665nm -absorbance 750 nm; vvolume ethanol, ml; 83.4 -absorption coefficient for chlorophyll-a; V -volume filtered water, l; l -length of cuvette, mm.
Cyanotoxin analysis
The regional water supply company Sydvatten provided data to evaluate Beacon Microcystin Tube Kit as a quick analysis tool to comprehend cyanotoxins condition. The basic principle of this Test Kit is to use a polyclonal antibody that binds both Microcystins and a Microcystinenzyme conjugate. Different amounts of Microcystin content result in different optical density. Six test tubes with calibrators are used to draw reference curve. After reading samples' optical density, one can calculate the concentration of Microcystin. The data afterwards was compared with the results by LC-MS/MS analysis to examine the quick Test Kits' reliability. Microcystins of 1 µg/l in raw water triggers Alert Level in WHO manage-ment system for cyanobacterial blooms in the perspective of drinking water. More information about Microcystin Tube Kit refers to their website (Microcystin, 2017) .
LC-MS/MS
Determination of Microcystins and Nodularin in water can be done by Liquid Chromatography-mass Spectrometry (LC/MS, or alternatively HPLC-MS). This analytical chemistry technique combines the physical separation capabilities of liquid chromatography (or HPLC) with the mass analysis capabilities of mass spectrometry (MS). Samples were sent to Swedish Food Agency in Uppsala to quantify Microcystins and Nodularin.
Open-access data
The data used in this study is hosted by the Swedish University of Agricultural Sciences and is available through open access. The bio-volume of cyanobacteria, concentration of chlorophyll-a, TP and other 21 physical and chemical parameters in the selected 10 lakes were derived from the database (SLU, 2013).
Cyanobacteria Management Tool (CMT)
The CMT tool (Fig. 2) aims to assist cyanobacteria management practices by establishing a systematic procedure to understand cyanobacterial situation and indicating action points for decision making to remove potential risk for drinking water supply.
Fig. 2. Overview of Cyanobacteria Management Tool (CMT).
Trend Lakes in Swedish National Environmental Monitoring Program were used as an example in the below CMT justification and application. TP content was applied as early warning indicator. If TP surpassed 20 µg/l, it indicated risk of cyanobacterial bloom. Then applying ALA in the next step was to check cyanobacteria amounts. If the amount surpassed 1 mg/l, Microcystin quick analysis Kits were used to check the toxin condition. Alert levels for phosphorus (20 µg/l), cyanobacteria (1 mg/l) and cyanotoxins (1 µg/l) require actions to reduce phosphorus content in the intake water, removal cyanobacteria from the treatment process and stop drinking water supply for some time.
Results
Cyanobacteria biovolume and cyanotoxin distribution
A survey of monitoring data from 1995-2012 (one grab sample in August) selected 9 trend lakes out of 110 by criteria of above cyanobacteria concentration 1 mg/l at least once (Fig. 3) (Pekar et al., 2016b) . These lakes are located in the middle and south part of Sweden, around Stockholm, Gothenburg and in the south of Skåne. 56 out of 96 samples were above 1 mm 3 /l. The order of frequency for the 9 lakes to surpass threshold in the monitoring time is Edasjön, Överudssjön, Lillsjön, Ymsen, Tångerdasjön, Krageholmssjön and Havgårdssjön. In addition, the trend of cyanobacterial bio-volume varied i.e. decreasing trend in Lillesjön and increasing trend in Edasjön (Pekar et al., 2016b) .
The most frequently dominating taxa of the blooms (cyanobacterial biovolume ≥ 1 mm 3 /l) were Anabaena and Aphanizomenon, followed by Microcystis and Woronichinia. The number of species for each bloom is in average 13 (Min 3 and Max 23) (Pekar et al., 2016b) .
For health concern, Swedish Food Authority recommends to increase cyanobacterial sampling in these 9 lakes. Swimming and drinking of the water should be restricted when blooms occur. Fig. 3 . Location of the selected nine lakes that are at least once surpass 1 mg/l during monitoring period. Security, 2017, Vol. 3, jws2017005 5
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Factors behind cyanobacteria growth and blooms in Swedish lakes analysed
To study the influencing factors of cyanobacteria growth will help us to find the most relevant indicators for the presence of cyanobacteria. One important concern is the land use surrounding the 9 lakes. In Skåne, land use around Krageholmssjön, Havgårdssjön and Krankesjön, is mainly agriculture. The rest six lakes' catchment is mainly forest or the mix of forest and agriculture such as in Ymen Lake (Pekar et al., 2016b) . Reasons behind cyanobacteria bloom might be fertilizer usage such as phosphorus in Skåne and increased humic substances from forest runoff to lakes. Several studies have investigated how the agriculture activities increase the intensity of algae blooms. Ritter et al. (2002) estimated that phosphorus (P) loading from human activities is responsible for up to 80% of the P present in water systems. In addition, P is one of the most important key parameters for cyanobacteria growth. Furthermore, humic acid (HA) is abundant around water basins and has a variety of chemical functions, including Fe-chelation and catalysis. Fe might play significant role in cyanobacteria blooms. Therefore, HA is also considered as a controlling factor in algal growth (Sun et al. 2005) . The HA influence will be studied in a separate project.
The PCA (Principle Component Analysis) Biplot graph of water quality parameters can illustrate how close one parameter is related to another by simply looking at their physical distances. The biplot results of the second and third principle components of the 9 lakes data (Fig. 4) shows that the concentration of chlorophyll-a is the closest parameter to cyanobacteria followed by the concentration of phosphate and TP, respectively. This supports previous studies (Downing et al., 2011; Carvalho et al., 2013) . As expected, the biovolume of cyanobacteria was also correlated negatively with transparency shown in the principle component 2 (Fig. 4) . To conclude, TP and chlorophyll-a might be suitable as indicating factor for the presence of cyanobacteria. 
Chlorophyll-a analysis for cyanobacterial bloom monitoring
In phytoplankton analysis at the peak chlorophyll-a concentration, chrysophyceae (Gloden Algae) dominated in 42% of the trend lakes and cyanobacteria only contributed in 8%. To use chlorophyll-a as indicator for cyanobacterial bloom monitoring is valid only in certain lakes such as Tångerdasjön and Krankesjön. However, for most lakes there was no correlation. A Finnish study also showed that cyanobacteria are not frequent phytoplankton in Finnish lakes (Lepsitö, 2004) . As it is already known that chlorophyll-a content is a common element in all types of phytoplankton. Hence, only using the total chlorophyll-a as indicator for cyanobacterial bloom monitoring is far from enough. However, if a method could differentiate chlorophyll-a content in cyanobacterial pigment cells from other type of algae species, then it would become convenient to determine cyanobacteria's presence. AlgaeLabAnalyser (AlgaeLabAnalyse, 2016) is an option. It was applied to analyse cyanobacteria content in raw water samples (summer 2016) from Lake Vomb. It resulted a strong linear correlation (R 2 =0.94) between cyanobacteria biomass in raw water and the measured chlorophyll-a in cyanobacteria pigment cells (Fig. 5) . The new advancement of ALA with parallel measuring of Phycocyanin and chlorophyll-a is also recommended to consider to facilitate detection of cyanobacteria in water. As ALA has advantage to realize quick and easy measurement, it may be a good option at waterworks for the regular cyanobacterial monitoring. 
Results from TP analysis for cyanobacterial bloom monitoring
The median values of TP in the selected 9 lakes were all over 25 µg/l. When plotting TP concentrations against cyanobacteria biovolume in Figure 6 , it was found that cyanobacteria biovolume might surpass 1 mm 3 /l even when TP was less than 20 µg/l. From the Swedish study of reference values set for phytoplankton monitoring in Swedish lakes, it was assumed that mesotrophic conditions have prevailed in lowland lakes in their pristine state, with a TP concentration at most 15 µg/l (Willen, 2001a) . Cyanobacteria presence in mesotrophic lakes has been discussed in many projects (Su et al., 2014; Dadheech et al, 2014) . TP and cyanobacteria biovolume relation in Fig. 6 showed that there were cyanobacterial bloom events registered even at a TP around 10 µg/l. Nevertheless, a suggestion to use TP 20 µg/l as a target to achieve low probability for cyanobacterial bloom is reasonable. However, further studies need to be considered such as the mechanism of how, what and which species may trigger bloom when TP is low in water. Furthermore, which type of cyanobacteria species that are easily impacted by TP need further investigation.
Online real-time measuring TP devices can be considered for monitor TP continuously to safeguard the first alert level, yet the TP detection level must be well below 20 µg/l (TP-OnlineAnalyser, 2016).
Potential toxin profiles
Current monitoring program of toxins at most Swedish waterworks focuses on occurrence of Microcystins. From literature study, various cyanobacteria species in Swedish lakes have potential to produce several variants of Anatoxins, Cylindrospermopsins, Microcystins and Saxitoxins (Larson et al., 2014; Pekar et al., 2016a) . Furthermore, 96% of the blooms in the 9 lakes between 1995 and 2012 were potentially toxic. This at least gives us a hint that the current monitoring program should be extended to include at least Anatoxins, Cylindrospermopsins and Saxitoxins. These toxins have been identified in Swedish lakes also in other projects (Willén, 2010; Larson et al., 2014) .
Microcystin quick Test Kit evaluation
In total, 89 raw water samples were analysed for Microcystins content by Beacon Microcystin Tube Kit in a project at Vombsjön, Sydvatten during the summer of 2015. Suspected samples (52 out of 89) were sent to Uppsala for UPLC-MS/MS analysis, which applies for cyanotoxins containing Microcystins, Anatoxins, Cylindrospermopsin and Nodularin. Results showed that there was good correlation between the results by using these two methods. 
Application Discussion
There were situations that cyanobacteria content over 1 mg/l, even TP below 20 µg/l. CMT, therefore is not expected to catch all cyanobacteria bloom cases by setting TP as indicator. Even though, applying CMT in trend lakes provides a safe situation for controlling most of the cases where there were potential toxic cyanobacteria risk. For example, by introducing CMT, 94% of our selected lakes were above TP 20 µg/l for next step cyanobacteria test. For the cyanobacteria test, 58% were identified above 1 mg/l. This means that in the second step, under almost half of the situations, water operators should take actions to shut down the intake for a certain periods and send samples for cyanotoxin test. To choose which methods to do toxin test and types of toxins to include requires local condition study; Beacon Microcystin Tube Kit provides a basic method to start with.
TP 20 µg/l is suggested as a starting sign, indicating potential risks. For water resources management in a catchment scale, to control TP content below 20 µg/l is necessary as the first controlling measure for toxic cyanobacteria growth in lakes. However, for a natural background of surface water quality, TP is from 10 to 30 µg/l. It might have big chance that moderate TP content (30 to 50 µg/l) corresponds lower cyanobacteria than 1 mg/l from the trend lake study. In addition, if TP content in a lake often surpasses 20 µg/l as natural background, then to check each case for cyanobacteria content seems time consuming. Under this situation, it might be a handy option to be able to measure cyanobacteria content directly based on an online/auto-chlorophyll-a (for blue green algae) monitoring scheme followed by toxin tests. The latest version of ALA even adds Phycocyanin measurements (any of a group of blue photosynthetic pigments present in cyanobacteria). Those are options to consider. Future investigation should also consider other limiting factors and adaptive process into monitoring system. As Lindenmayer and Likens' review recommends effective ecological monitoring is an iterative steps involving question setting, study design, data collection, data analysis and data interpretation. These together with the adaptive monitoring program criteria should be integrated in each CMT design. This CMT is suggested to be integrated into raw water management regarding cyanobacteria monitoring based on the local lake condition, especially in similar boreal forest climate and regions that apply international WHO standards for water management.
Conclusions
By using CMT, alert levels for phosphorus (20 µg/l) and cyanobacteria (1 mg/l) and cyanotoxins (1 µg/l) require actions respectively to reduce phosphorus content in the intake water, to removal cyanobacteria from the treatment process and to stop drinking water supply. AlgaeLabAnalyzer and Beacon Microcystin Tube Kit are recommended for waterworks to improve their regular cyanobacteria/cyanotoxin monitoring routines. To apply this tool depends on local situation and financial situation to decide which step to start with. While for a long-term effective ecological monitoring program, controlling the pollution sources, keeping TP below 20 µg/l are always recommended.
In order to improve monitoring of cyanobacterial bloom and its toxins in Swedish lakes, this CMT is recommended to integrate into Swedish Water Safety Plans (WSPs) and Hazard Analysis Critical Control Points (HACCP). Swedish drinking water producers, which use raw water from lakes that bloom with cyanobacteria need to increase the monitoring scope for cyanotoxins and also to monitor other type toxins such as Anatoxins, Cylindrospermospsins and Saitoxins.
The study was based in Swedish condition with knowledge of research findings worldwide. It recommends to combine local water conditions as well as to integrate adaptive monitoring program to help water managers to prevent toxic cyanobacteria in their drinking water systems. This case study result is good evidence for other lakes in boreal forest climate and regions with similar standards to design their CMT.
